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HUNINTUAFIU UAZ N1TNIENIFUNINT

(Symmetry elements & Symmmetry operations)

Element Symbol Operation
WNUNYUFNNIAT C, NISUYUTDULNUNYY 360/n DA
(Proper axis)

FEUNVEUNIAT (o N15ESNDUNIUTEUIU
(Symmetry plane)
WU UESYIOU S 1. NISVYUTBULNUNYU 360/n BIA1
(Improper axis) 2. WAIEHEVIDUATUTEUIUNARINAUWN LYY
1 . v Y
IAAULNANENUINT | 818NN (x,y,z) U89 (-x,-y,-2)
(Inversion center)
o ¢ 1 o
landneal E nsldnserinnislaeg wae
(Identity)




ANSUINENNIUVULaNE

1. n3UNLAY
m Linear: haidl i (C), 8 i (D)
B Tetrahedral (T ), Octahedral (O,), Icosahedral (I,)

2. laifivlownu C_uag S_
m E(C) C(C),i(C)

3. §@W1E S : S, S

4.3 C uwalidinc, 1 C
m Ll o(C) m G, (C)) m nG,(C )

58C waslinC, L C
m Lilingu G (D) m o, 0D,) m nG, (D)




n1suIneennsUlaaly “Decision tree”

|__I

Select E‘n with N

! highest n; then is
| Linear | nC, LC?
Y Y

N wo or I'Uh? - AI'Un? L

more —l
Cor Hno 7|5 no 7]
e n>2? —l

Linear groups T s 7

Cubic groups

i?

|=




YV a ¢ < LY o
mﬂﬂmamsnsmﬂumLmumsnszmaumm

m-by-n matrix

a;; n columns —

m p—
FOWS

NSA matrix Cij = 2 Ay X By

Ci; = product matrix, with i rows and j columns
A = 1nitial matrix, with 7 rows and £ columns
By; = initial matrix, with X rows and j columns

k J J J

Mos] [7 8] _[om+ e o)+ o] _[2 4]
12 6 4 8 @)+ (6)4) (3)+6)(8) | |38 54 “



n13lY matrix a5unenN1sNsEYitaNNINIVaLlILaNa

" |dentity (E)
" Inversion (i)
" Reflection (O) 1
® Rotation (C)

®  Rotation-Reflection (Sn)

v
K

LAWANTALT U (cartesian coordinate)



1) ldentity (E)

Z Z
Y E Y
y —_— y
X X
X X
77? Y — Y
1 0 0
0 1 0 Y =
0 0 1

LALSALADSVBY matrix (Y) = 3
(WauInYasas 1 luaunzueiss) ‘




2) Inversion (i)

z z
Z
Y [ Y 4
y - "y
X
-Z
X X
-1 0 0 -X
0 -1 0 Y = -Y
0 0 -1 -/




3) Reflection (Q)

Z Z
&, /Y sy
X
Z
X
1 0 0
0 1 0 Y = Y
0 0 1 iy




. g v a I~ B |
Matrix Nlgasue C,, fo . 0 0
0 1 0
0 0 1
Matrix 499 O, = 1 0 0
0 -1 0
o) 0 1
Matrix U249 Gyz — 1 0 0
0 | 0
o) 0 1




4) Rotation (Cu)

1 0 0 X - X
0 -1 0 Y — -Y
0 0 1 / Z

% (C)=-1



% (C)=-1

v




9911 matrix NTuRMNULENINAYDINTRYUTBURALUYY C_ Tuwuaunu z Wuyu O




cose —sine 0 X X'cose - Y'sine

sin@ cose 0 Y — X'sine + Y'cos@
0 0 1 / /
> x _ - _ - _ -
X (C) =1+ 2cosO
faaene O = 180 °
= X'cose - Y'sine — - _ _
Y = X'sin® + Y'cosO cos180 -sin180 O -1 0 0
= 7 sin180 cosl80 O 0 -1 0

0 0 1 0 0 1




5) Rotation-Reflection (S, )

A29819 N1INTZIN Sz AIULNUY Z

yi y4 Z
Z C 1 Z
4 X Oy X
Y -Y . > X

Yy < >y N >y

X
-Z
X X

-1 0 0 1 0 0 -1 0 0
0 -1 0 0 1 0 = 0 -1 0




matrix MYudnunaninavas S Tuwuawny z 1Juyu 0
y4 A

Z
v Rotate (2)
y A j > X

X AR

4 4

Y 0 X

X
y

~

/ Reflect (xy)

v
<

’
e




A\ 4

= X'cose - Y'sine
Y = X'sine + Y'cose

= -Z

X’cose - Y'sin@
X’sin@ + Y'cose

-7

X (C)=-1+ 2cos0




“ YE =3
© Y6 = -3
“ O =1

o X (Cn) = 1+ 2cosO

o X (Sn) = -1 + 2cosO

O = 360/n °




A29819 9% matrix Lﬁ’élL‘f]ugll'JLL‘I/IUﬂ’]‘iﬂ‘i%ﬁ’lﬂﬁJﬁJ’lﬂ‘iﬁflﬁiaﬂ'l‘iﬂ'i%’sfﬂ‘ll'él\‘iLl,ﬁiaz

azmaululuanan

o O

O o O O

o O O o O

o O O o O O

OO O O O O O o o

OO O O O O O O

OO O O o o O

o o = O O

S = O O

— O O

o O O O o o o

OO O O O o o o o

M




A78819 3911 matrix sNaluRnuMsnIzinaNNIndinaNIsNIE TNV ILAAS
azmaululuanan

C,'(@:
Y 0 0.0 0 0 0 0 O
0O 0 0 0 0 0 0 O
0 0 0 0 0.0 0 0
0 0 0 0 0 -1 0 O
0 0 0 0 0 0 -1 0
%2 0 0 0.0 O 0 0 1
0O 0 0-1 0 O 0 0
0 0 0.0 -1 0 0 O\O
. 0 0 0.0 0 1 0 O




O J

0

-1
0

0

O 0 0 :0 O O

0 0

0 0 OO
1

-1

o 0 0 O 0 0 0 O

o 0 0 O O 0 O

0

0

0O 0 0 0

0O 0 0 0 O

0O 0 0 0

O 0 0 0 O




GyZ:

0
0

0

0

0
0

0

0O 0 0 0 0 O

0O 0.0 O O
0 0 0 O

o 0.0 O O 0 0O O
0Oo.0 0 0 0 0 O

0
0 0
0O 0 O

0O 0 0 0

0O 0 0.0 O

0O 0 0.0 0 O
0O 0 0.0 0 O
0O 0 0.0 0O O

3




f29879 JINIANUTLABANDU LA UAIUNUNITATEYNEUNINTNLHDNITNTLIAVD

wiavarpauluanaveii (T,,)

C,Q2mm) [E C, o,(xz) o0](yz) h=4
/1\ A, 1 1 1 1 2 2,y 7
A, 1 1 -1 -1 R xy
H H B, | -1 1 -1 X, Ry X
B, 1 -1 -1 1 v, R, w2
C E G G, vz
o dl 1 dl o 1
"V’I%Q‘HQZWQNV]TN LUASIWBTLLIAIUNS 3 1 1 3
=Y d' 1 d' o 1
%%ﬂﬂﬁﬂﬁgmﬁﬂﬂrﬂ LURIHBTLLIIU 0] 0] (0] O, 2H
A / atom 3 ~1 1 1

IanazanAHilfeududs X ¥ 3X3 11X -1 1X1 3 X 1

T

3N

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

Aaununaanauld (Reducible representation) ‘



A1519ALSALAAS (Character table)

Point group = Class of symmetry operations Order of group

f C,, 2mm))
A
Mulliken| 4,
symbols H]
B,
daunuiiaanaulild base
(Irreducible representations)
1 o g
_ — f = UIUATY
gnsannau f= hZX rRX IN

h = order
Y 14
Y = HAusAmassiaannauls
Y, = wausanasuiinannaulila (aann1s9)

N = 9MUIUNISNTLYEUNINS LR AZAaNd



A98819 31N T, aanaulviedlusunauinvasiunuiaanaulila (rreducible

representation)

C,2mm) |E C, o,(x2) 0] (y2) bh=4
A, 1 1 1 1 2 v, 2
A, 1 1 -l -1 R xy
H H B, 1 -1 1 -1 x, R X
B, 1 -1 -1 1 v, R
c,, E G, o, O, .
Ty 9 - 1 3 f=1 XA N

fA,) =(1/HZ(IXIX1)+(-1XIX1)+(1XIX1)+(3X1X1) = 1/4(9-1+1+3) = 3
f(A,) =(1/HX(9XIXD+(-1X1X1)+(1X-1X1)+(3X-1X1) = 1/4(9-1-1-3) = 1
f(B,) =(1/HL(9XIX1)+(-1X-1X1)+(1X1X1)+(3X-1X1) = 1/4(9+1+1-3) = 2

f(B,) =(1/8)2(9X1X1)+(-1X-1X1)+(1X-1X1)+(3X1X1) = 1/4(9+1-1+3) = 3

T, =3A, +A,+ 2B, + 3B,



29819 A9aANIUAWNUENLIRsNaanaulasnalul

c, E 2¢, 30

3 v
T, 5 2 1
c.3m |E 2C, 3o, h=6
A 1 1 1 z x*+ 94 2
A, 1 1 -1 |R
E 2 1 0 | (6 (RyR) (x2=9% xy)ax, y2

1
an f=0 XN

f(A,) = (1/6)Z(5X1X1)+(2X1X2)+(1X1X3) = 1/6(5+4+3) = 2
f(A) = (1/6)X(5X1X1)+(2X1X2)+(1X-1X3) = 1/6(5+4-3) = 1
f(E) = (1/6)2(5X2X 1)+(2X-1X2)+(1X0X3) = 1/6(10-4+0) = 1

‘. T,,=2A, +A+E




du1aslutananunisauvaslatana => IR / Raman

N13N52ANVaILULANA

(molecular displacement)

n15du (vibration) N15L80UN (translation) n15vYu (rotation)

luanaiiusznaunie N agnay => Degree of freedom = 3N

T T + T + T

3N = vibration translation rotation

= T3N - T rotation

vibration translation

. Degree of freedom dwiunisduvasluana = 3N - 6 (non-linear molecule)

= 3N - 5 (linear molecule)



AIYYN N Tvibration VU —> C2v — T?)N — Ttranstation — Trotation — Tvibration
C,2mm) |[E C, o (xz) 0](y2) h=4
A, 1 1 1 1 2 v 2
A, | 1 -1 -1 R, Xy
H H B, 1 -1 1 -1 x, Ry X
B, | 1 R, w2
Co E Cow G, G,
FTRINBLATHT HIU R UATLIAUS 3 1 1 3
ARAYDIDLADNT NI RL WAL 0 0 0 0, 2H
A / atom 3 -1 1 1
FrnuBrANT A WA X X 3X3 1X-1 1X1 3 X1
T, 9 -1 1 3




sz E C2(z) G, O'yz Cy@mm) |E C, o(xz) 0] (y2)
A, | 1 1 |
Tan 9 - 1 3 A, | 1 -1 -1
1 B, 1 -1 1 -1
f=7% ZxrXN B, 1 -1 -1 1

f(A) =(1/8)2(9X1X 1)+(-1X1X1)+(1X1X1)+(3X1X1) = 1/4(9-1+1+3) = 3
f(A) =(1/8)2(9X1X1)+(-1X1X 1)+(1X-1X1)+(3X-1X1) = 1/4(9-1-1-3) = 1
f(B,) =(1/8)2(9X1X1)+(-1X-1X1)+(1X1X1)+(3X-1X1) = 1/4(9+1+1-3) = 2

f(B,) =(1/8)2(9X1X1)+(-1X-1X1)+(1X-1X1)+(3X1X1) = 1/4(9+1-1+3) = 3

T,y = 3A, + A, + 2B, + 3B, (degree of freedom = 9)

T = A, + B, + B, (degree of freedom = 3)

translation

T =A, + B, + B, (degree of freedom = 3)

rotation

=[3A1 + A, + 2B, + 382] — [A1 + B, + Bz] - [A2 + B, + Bz]

vibration

= 2A, + B, (degree of freedom = 3)




A20819 9991 T Yo UL LY

vibration

NH, = Point group: C,

\ C.Gm) |E 20, 3o, h=6
// \ A, 1 1 1 |z xt + 9% 22
o H oA, 1 1 -1 |R
E 2 -1 0 (¢, ¥) (R, R)  (x* =2 xy)(zx, yz)
C, z 2C, 30,
FTUIUDE AN THIU R WAL AU q 1 2
#HnaasaraaNNiILRuAILALNS N,3H N NH
A / atom 3 0 1
T 12 0 2

3N




20879 I T Yo Uiy (§8)

vibration




AQBE1Y 9N T va4 (1) XeF, uag (2) CH,

vibration




NISHEULUUANN Tulaana

wuuMsauvaslaana

(mode of molecular vibration)

N15AULUUBANA (stretching) N158uLUULNgse (bending)
[ INPLANE STRETCHING MOVEMENTS | [ INPLANE BENDING MOVEMENTS |
© A —o— —
" O O
SCISSORING ROCKING
ASYMMETRIC SYMMETRIC

| OUT OF PLANE BENDING MOVEMENTS ]

I‘QOQ /\O/

TWISTING WAGGING

+ T

vibration ~ " stretching bending




A20819 NINSTUINUSE O—H Wann T YU

stretching
C,2mm) [E C, o (xz) 0] (yz) h=4
M r A, 1 1 1 1 2 2y, 2
A, 1 1 -1 -1 R, Xy
H H B, 1 -1 1 -1 xR 2
B, 1 -1 -1 1 R, w2
CZV E C2(2) ze Gyz
SIUIUNUSET TN LR TS 2 0 0 2
%, / bond 1 1 1 1
Ton 2X1 0X1 0X1 2X1

2 0 0 2




C,2mm) [E C, o,(xz) 0. () bh=4
C2v E C2(2) ze Gyz A, 1 1 1 | - v, 2
TO_H 2 0 0 2 A 1 1 -1 -1 R, x)
B, 1 -1 1 -1 x, Ry X
B, 1 -1 -1 1 v, R. 3
1
ANVIBUIINGNS 30 f=2 2xrXIN

f(A) = (1/8) 22X 1X1)+(0X1X 1)+(0X1X1)+(2X1X1) = 1/4(2+0+0+2) = 1
f(A) = (1/8) 22X 1X1)+(0X1X1)+(0X-1X1)+(2X1X-1) = 1/4(2+0+0-2) = 0
f(B,) = (1/8) 22X 1X1)+(0X-1X1)+(0X1X1)+(2X-1X1) = 1/4(2+0+0-2) = 0

f(B,) = (1/8) 22X 1X1)+(0X-1X1)+(0X-1X1)+(2X1X1) = 1/4(240+0+2) = 1

" TO—H = A1 + BZ = Tstretching ‘




189910

bbelS

T

T

T

vibration

vibration

bending

2A, + B,
Tstretching + Tbending
Tvibration - Tstretching

[2A, +B,] - [A, +B,]

Ay




§98819 9991 T, . Vowweulaiey (T, . - = 2A, + 2F)
N C, 3m) | E 2C, 3o, h=6
V/ & A 1 1 1 |z x? 4+ % 2
r, 1 ;
Ho H A 11 -1 |R
E 2 -1 0 (¢, ¥) (R, R)  (x* =y, xy)(2x, yz)

C,, E 2C, 30,
SuuRuseilindoud 3 0 1
A / bond 1 1 1

T, 3 0 1

1
aanouangns =3 ZYpi N = Ty ine = A +E
{89 T, . = 2A, + 2E
‘. ‘Cbending = [2A1 + 2E] - [A1 + E] = A +E




ngmslﬁan%maLﬂﬂiwainﬂmaamﬁé’u —> IR / Raman

JyTy.dt # o
da Y fleftunduvasaniiziiu
T nsugrulaulalasisines
v, Hafdunfuvasaniiensziu
dT NMIPURNTANANITTUL

IR = I\|I| LYy .dt # 0 Lﬁia L = Dipole moment

Raman = I\|I| LYy.dt # 0 o L = Polarizability tensor




Infrared spectroscopy warsanmsaululuanan & 3 wuu Aa 2A, uas B,

sz (2mm) | E C2 o, (x2) 0': (yz) h=4
A, I I 1 1 @ 2y, 2
A, 1 | -1 R, Xy
B, 1 -1 1 -1 e R =z
B: 1 -1 -1 1 e RI y2

ANIENNTHUVENNE 3 @n1dE AR A, A, e B,

ANITNUVRINTAU AR A, = Y,

ANNENTEAU Y, AR A, A, uay B,

L HauuasmilaununIsiaauinuuiiwnu x, y Wag z = B, B, uay A,

r N

B, A XB xA = B
Ja |8, | Adt =  AxB,xA =B

A1 Alele1 = A

..B, € A, IR active



Alele2 = A

[
>

_[Al B, | B,dT p— A, X B, xB, .

B

A Alele2 5

B, <— A, IR active

IR Spectrum of Water

101

40 ‘ ; . . : - ; . —
4000 3500 3000 2500 2000 1750 1500 1250 1000 750 650
cm-1

20-25cm 5201 Sample 003 By Lab User Date Wednesday, July 27 2016

bottom-ir-spectrum-ethanol-compare-contrast-ir-spectrum-ethanol-ir-s-q30666411


https://www.chegg.com/homework-help/questions-and-answers/top-ir-spectrum-water-bottom-ir-spectrum-ethanol-compare-contrast-ir-spectrum-ethanol-ir-s-q30666411

Raman spectroscopy msauluimanamm 3 LLUU A ZA1 bLElS 32

v Lo L

A, 1 1 -1 -1 R @

B, 1 -1 1 -1 xR ()

BZ 1 -1 -1 ] Y, @
am’sum'ﬁauﬁuaﬂm 3 @Oy ﬂ’e] A A bbel & B

anMEiuveINITaU Ao A =V,
ANENTEAU U, AB A, A uay B,
NIINTIUETUNYI IAARN1SIUAasULUAY Polarization Hauunasiiilounu x> v

Z° xy xz Wag yz

Y
A, A XA XA = A
A, AL XA XA = A, SA A
—
A B xA - B Raman active
IAl B, | A dT | XB XA = By
3 A xB,xA = B, ‘
\. r)J



A, A XA xB, = B,
A, A XA XB, = B ..B, €& A
= Raman active
jAl B, B, dT A xB; xB, = A,
B A xB,xB, = A,
\. ’ 7

HAYEHUHEBER I 11

https://www.chemicalbook.com/SpectrumEN 7732-18-5 Raman.htm




A788149 391U IR LA Raman spectrum vaslaasudain (SO,27)




